
HMA Construction ProgramHMA Construction Program

CompactionCompaction

Presenter
Presentation Notes
Ask: Why do we compact?
The last chance to make a job is during the compaction process, which must be closely controlled to achieve a quality pavement.
Compaction determines the ultimate performance of the mix and pavement.
Compaction is often very difficult to achieve in the field because of a number of variables.
You must manage these variables and control them, in order to ensure that you achieve density.
The key is to recognize the advantages and disadvantages of each type of roller per project.
Setting up and maintaining the rolling pattern involves much effort on the part of the operator.
Further information on this topic is presented in the Hot-Mix Asphalt Paving Handbook 2000, Section 18: “Compaction, pp. 175 - 193).




Learning ObjectivesLearning Objectives

1.1. State the objective of compactionState the objective of compaction
2.2. Describe five engineering properties Describe five engineering properties 

related to compaction related to compaction 
3.3. Identify material and mix properties Identify material and mix properties 

affecting compaction affecting compaction 
4.4. Describe the types of compaction Describe the types of compaction 

equipmentequipment

Presenter
Presentation Notes
During this unit, we will look specifically at what compaction does for a mix design and for a pavement.
We will look at the variables and factors that affect the compaction process.
We will look specifically at the types of rollers or compaction equipment available and how to pick the best roller for the job.




Learning ObjectivesLearning Objectives

5.5. Describe the considerations in the Describe the considerations in the 
selection of compaction equipment selection of compaction equipment 

6.6. Identify compaction variablesIdentify compaction variables
7.7. Identify the main components of Identify the main components of 

compaction equipment maintenancecompaction equipment maintenance
8.8. Describe proper compaction operating Describe proper compaction operating 

proceduresprocedures

Presenter
Presentation Notes
We will look specifically at the variables facing the compaction process and the importance of keeping rollers maintained.
Slow and steady is the right way to do it!




Definitions 

••
 

Density Density 
••

 
Pass Pass 

••
 

Coverage Coverage 

Presenter
Presentation Notes
The density of a material is simply the weight of the material that occupies a certain volume of space.
For example, an asphalt concrete mixture containing limestone aggregate might have a compacted density of 2.4 Mg/m3 (148 pdf);this density, or unit weight is an indication of the degree of compaction of the mix.
Compaction is the process through which the asphalt mix is compressed and reduced in volume.
A pass is defined as the entire roller moving over one point in the mat one time.
A coverage is defined as the roller moving over the entire width of the mat one time.
What do these mean to you?




••
 

Improve Mechanical Stability Improve Mechanical Stability 
••

 
Improve Resistance to Permanent Improve Resistance to Permanent 
Deformation Deformation 

••
 

Reduce Moisture/Air Penetration Reduce Moisture/Air Penetration 
••

 
Improve Fatigue Resistance Improve Fatigue Resistance 

Importance of Compaction

Presenter
Presentation Notes
Compaction is the single most important factor that affects the ultimate performance of a hot-mix asphalt pavement.
Adequate compaction of the mix increases the fatigue life, decreases permanent deformation (rutting), reduces oxidation or aging, decreases moisture damage, increases strength and stability, and decreases low-temperature cracking.
An asphalt mixture that has all the desirable mix design characteristics will perform poorly under traffic if that mix is not compacted to the proper density level.
NOTE: Quiz Question!



Factors Affecting Compaction

••
 

Properties of the MaterialsProperties of the Materials
••

 
Environmental Variables Environmental Variables 

••
 

Laydown Site Conditions Laydown Site Conditions 

Presenter
Presentation Notes
Properties of the materials include the surface texture, porosity and particle shape of the aggregate and the viscosity of the liquid asphalt.
Environmental variables are temperature, wind, and solar flux.
Laydown site conditions include the existing road surface texture, lift thickness and profile or the sub-base stability.




Properties of the Materials 

••
 

Aggregate Aggregate 
••

 
Asphalt Cement Asphalt Cement 

••
 

Mix Properties Mix Properties 
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Presenter
Presentation Notes
Aggregates vary greatly across the nation from sedimentary to metamorphic and igneous.
Aggregates may be natural deposits with little to no processing, processed aggregates such as limestone, dolomite, expanded shale, quartzite, and granite, and synthetic aggregates such as steel and blast furnace slags.
Asphalt is graded by penetration, viscosity, or performance, and varies in hardness based on climate.
Mixture properties vary based on type of mixture specified.
Type of mixture specified varies directly with traffic loading.  (Equivalent Single Axle Loadings, ESAL)




Presenter
Presentation Notes
Asphalt cement is what “binds the rock together.”
The grade and amount of asphalt cement used in the mix affects the ability to densify the mix.
The degree of hardening that occurs in the AC during the manufacture of the mix affects the compactibility.
Modifying the asphalt increases the compactive effort needed to obtain density.
Superpave binders can be similar to conventional binders.  However, with some PG grades these binders will be modified.  These will probably necessitate higher mixture temperatures.




Binder and Compaction

••
 

Asphalt binder holds particles togetherAsphalt binder holds particles together
−

 
Provides lubrication at high temperatures

−
 

Provides cohesion at in-service 
temperatures

••
 

Prevents air and water intrusion into Prevents air and water intrusion into 
matmat

Presenter
Presentation Notes
Properly compacted and designed mixtures will ensure a durable mixture which performs long-term by not allowing air and water to pass through it.
In general, a mix with too little asphalt may be stiff and require an increase in compactive effort, whereas a mix with too much asphalt may shove under the rollers.



Mat after Compaction

••
 

4%4%--8% theoretical 8% theoretical 
air voids allow for air voids allow for 
needed expansionneeded expansion

••
 

Aggregates moved Aggregates moved 
closer togethercloser together

••
 

Provides cohesion, Provides cohesion, 
impermeability, and impermeability, and 
stabilitystability
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Presenter
Presentation Notes
Discuss the concept of interconnected air voids as well as the bulleted items.



Rate of Cooling VariablesRate of Cooling Variables

••
 

Layer Thickness Layer Thickness 
••

 
Air TemperatureAir Temperature

••
 

Base Temperature Base Temperature 
••

 
Mix Laydown Temperature Mix Laydown Temperature 

••
 

Wind Velocity Wind Velocity 
••

 
Solar Flux Solar Flux 

Presenter
Presentation Notes
Research work and field experience show that once a pavement cools to 80 oC (176 oF), the internal friction and cohesion of the mix increases to the point that little density gain is achievable.
Six variables were found to have an effect on the rate of cooling a layer of asphalt placed on top of another existing layer of the same material.
Layer thickness, air temperature, base temperature, mix temperature, wind velocity, and solar flux are the variables.
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Presenter
Presentation Notes
A series of “cooling curves” for asphalt mixtures illustrate the amount of time available for compaction under different combinations of the variables.
The figures shown assume air temperature to be equal to the surface temperature of the base.
A constant wind velocity of 18.5 kph (11.5 mph) and a constant degree of solar radiation is also used to generate the graphs.
The curves then provide the time in minutes, for the mix to cool from the laydown temperature to a minimum compaction temperature for different compacted layer thicknesses.
Asphalt mixes are usually produced at temperatures between 130oC and 165oC (266oF and 329oF), with higher temperatures being specified for modified asphalt mixtures.
Depending on environmental conditions and the length of haul, the mixture can lose between 3oC and 15oC (37oF and 59 oF) from the plant to the paver.
As the temperature of the HMA being placed is increased, the time available for compaction is greater.

For a thickness of 50 mm (2 in) and a base/air temperature of 4 oC (39 oF), the time to cool to 80 oC (176 oF) increases from 9 min to 16 min as the placement temperature increases from 120 oC to 150 oC (248 oF to 302 oF).  
For a 4 in (100 mm) course and a base/air temperature of 16 oC (61 oF), a change in laydown temperature from 150 oC to 120 oC (302 oF to 248 oF) reduces the time available for compaction from 36 min to 21 min.
The effect of mat laydown temperature is more significant at lesser mat thicknesses and lower base temperatures.
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Presenter
Presentation Notes
A series of “cooling curves” for asphalt mixtures illustrate the amount of time available for compaction under different combinations of the variables.
The figures shown assume air temperature to be equal to the surface temperature of the base.
A constant wind velocity of 18.5 kph (11.5 mph) and a constant degree of solar radiation is also used to generate the graphs.
The curves then provide the time in minutes, for the mix to cool from the laydown temperature to a minimum compaction temperature for different compacted layer thicknesses.
Asphalt mixes are usually produced at temperatures between 130oC and 165oC (266oF and 329oF), with higher temperatures being specified for modified asphalt mixtures.
Depending on environmental conditions and the length of haul, the mixture can lose between 3oC and 15oC (37oF and 59 oF) from the plant to the paver.
As the temperature of the HMA being placed is increased, the time available for compaction is greater.

For a thickness of 50 mm (2 in) and a base/air temperature of 4 oC (39 oF), the time to cool to 80 oC (176 oF) increases from 9 min to 16 min as the placement temperature increases from 120 oC to 150 oC (248 oF to 302 oF).  
For a 4 in (100 mm) course and a base/air temperature of 16 oC (61 oF), a change in laydown temperature from 150 oC to 120 oC (302 oF to 248 oF) reduces the time available for compaction from 36 min to 21 min.
The effect of mat laydown temperature is more significant at lesser mat thicknesses and lower base temperatures.






LOWLOWHIGH HIGH 

LOWLOWHIGHHIGH

THINTHINTHICKTHICK

Base TemperatureBase Temperature

Mix TemperatureMix Temperature

Major Factors Affecting Major Factors Affecting 
Rolling TimeRolling Time

Mat ThicknessMat Thickness

allows allows 
LESS LESS 
timetime

allows allows 
MORE MORE 
timetime

FACTORSFACTORS

Presenter
Presentation Notes
Layer thickness is the thickness of an asphalt pavement layer, and it is the most important variable in the rate of cooling of asphalt mixtures.
It is very difficult to obtain the desired density on thin lifts of mix in cool weather because of the rapid loss in temperature in the mix.
A portion of the heat in the asphalt layer is lost to the air as well as the base as it is placed.
Depending on the air and base temperature as well as moisture content, the loss of temperature could be large or small.




Presenter
Presentation Notes
Ask: What can you do if the mat is too cold? (Stop paving and let the roller catch up. You will have a problem with the material that has been placed so far.)




Presenter
Presentation Notes
Ask: What can you do if mat is too hot? (Wait – don’t push the mat.)




Typical Compaction 
Temperature Range

What are Yours?

85 °C - 150 °C
(185 °F) (300 °F)

Presenter
Presentation Notes
There is leeway on optimum compaction temperature range depending upon the mix.




Types of Rollers

••
 

Static Steel Wheel Static Steel Wheel 
••

 
Pneumatic Pneumatic –– Rubber Rubber 
TiredTired

••
 

Vibratory Vibratory 
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Presenter
Presentation Notes
The type of equipment used to compact the asphalt mix obviously has a significant effect on the degree of density that can be obtained in a given number of passes of a particular roller.
Three types of self-propelled compaction equipment are currently being used: static steel wheel rollers, pneumatic tire rollers, and vibratory rollers.




Static Steel Wheel Roller

••
 

Contact Pressure Contact Pressure 
••

 
OperationOperation

Presenter
Presentation Notes
Mass may be increased by adding ballast to static rollers, which in turn increases the contact pressure per linear mm.
Maintenance ensures not only that the equipment will work but that the finished surface will not be blemished.
Poor scraper performance or an overloaded roller both cause blemishes in finished pavement surfaces.




Static Steel Wheel Roller

Presenter
Presentation Notes
Drawbar pull is defined as the horizontal force required to move the roller forward.
Rollers with large-diameter rollers have lower drawbar pull (rolling resistance) because they do not tend to penetrate as far into the mix as does a roller with smaller-diameter rollers. 
Static steel wheel rollers normally range in weight from 2.7 to 12.7 tonnes (3 to 14 tons)  and have compression drums  that vary in diameter from approximately 1 to 1.5 m (3 to 5 ft).
The gross weight of the roller can usually be altered by adding ballast to the roller, but this adjustment cannot be made while the roller is operating, and is not normally changed during the term of a project.




Kilograms Per Kilograms Per 
Linear MillimeterLinear Millimeter

(kg/mm)(kg/mm)

Pounds Per Linear InchPounds Per Linear Inch
(lb/in) (lb/in) 

UNITSUNITS

Presenter
Presentation Notes
Static rollers are often specified having a certain kilogram per linear millimeter of roller width or kg/mm (lb/in). 
The kg/mm (lb/in) rating is the contact pressure at a contact arc of 25 mm (1 in), but the weight is not equally distributed on both drums.




Ground Contact Area Drum Width

Weight 
at Drum

Penetration Depth
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Contact Pressure

Presenter
Presentation Notes
Effective weight or contact pressure, in terms of kiloPascals, kPa (pounds per square inch, psi), of contact area, is the key variable for this type of equipment and is dependent on the depth of the penetration of the rolls into the mix.
The greater the depth of penetration, the greater the contact area and thus the less the contact pressure.




TravelTravel

Frictional force Frictional force 
turns trailing drumturns trailing drum

NonNon-- 
powered powered 

drumdrum Powered Powered 
DrumDrum

WW
WW RR

RR

Presenter
Presentation Notes
Once the size and weight of a static steel wheel roller is selected, the variables under the control of the roller operator are the speed of the roller, the position of the roller on the mat in relation to the paver, operation with the drive wheel toward the paver, and the number of passes made with the roller.





Roller Contact Pressure

Roller Contact Pressure at Varying Roller Contact Pressure at Varying 
Penetration Depths for 12 ton Static Penetration Depths for 12 ton Static 

RollerRoller
Penetration Penetration 
Depth (in)Depth (in) 3/43/4”” 1/21/2”” 1/81/8”” 1/161/16””

Contact Contact 
Pressure (Pressure (psipsi)) 3636 4646 8888 132132

Presenter
Presentation Notes
Roller contact pressure increases as the mix’s internal strength increases during compaction.
As a typical 12-ton roller makes its first pass, the contact pressure may range from 46 to 36 psi (317-248 kPa) as the drum sinks in ½ to ¾ in (12.5 to 19.0 mm), depending on the initial stiffness of the mix.
As additional passes are made, the mix becomes stiffer as the aggregate is packed together and the air voids are reduced.
The drum eventually “walks out” of the mix and the contact pressure becomes extremely high.
At 1/16 in (1.6 mm) penetration, the contact pressure is 132 psi (910 kPa).  (A 266% increase over the original pressure)!




Pneumatic Tired Rollers 

••
 

Wheel loadWheel load
••

 
Tire design Tire design 

••
 

Inflation pressureInflation pressure
••

 
Contact area  Contact area  

Presenter
Presentation Notes
The tire pressure used depends in part on the number of plies used in the tires.
If the mix is tender, a lower tire pressure will displace the mix less than will a higher pressure in the tire.
For a stiff mix, a higher tire pressure can be used, because the mix will be stable enough to support the weight of the roller without the mix shoving laterally under the tires.
Tire pressure is normally kept constant for a particular project, but the level selected should be dependent on the properties of the mix being compacted and the position of the roller on the mat.




Pneumatic

Presenter
Presentation Notes
Most pneumatic rollers are operated in the intermediate roller position, behind a vibratory or static steel wheel breakdown roller and in front of a static steel wheel finish roller.
These rollers are sometimes used for initial rolling of the mix as well as occasionally for finish rolling.
Pneumatic tires tend to pick up some modified mixes.  The higher binder contents in SMA make them especially susceptible to pick up by pneumatic tires.  Pneumatic tired rollers are therefore not used on SMA.




Tire Inflation Pressure 
Versus Ground Contact 
Pressure

Courtesy of Caterpillar Paving Products

Presenter
Presentation Notes
For this type of roller, the compactive effort applied to the mix is a function of the wheel load of the machine, the tire pressure, the tire design, and the depth of penetration of the tires into the mix.
All of the tires on the roller should be the same size, ply, and tire pressure.
The area of each tire footprint and the wheel load of the roller are the primary factors affecting the effectiveness of a rubber tire roller.
The greater the contact pressure between the tire and the mix, the greater the compactive effort applied by the roller.




Inflation Pressure and Ground 
Contact Pressure at Various 
Wheel Loads and Ply Ratings

ExampleExample Ply Ply 
RatingRating

Wheel Wheel 
LoadLoad

lblb

Tire Tire 
PressurePressure

psipsi

Contact Contact 
AreaArea
inin22

Ground Ground 
Contact Contact 
PressurePressure

psipsi

A
14 1,250 130 16 78
14 2,800 130 30 92

B
14 2,300 35 41 56
14 2,300 130 26 88

C
10 2,800 90 38 73
14 2,800 130 30 92

Presenter
Presentation Notes
A: Changing wheel loading.
Increasing the wheel load from 1250 lb per tire to 2800 lb per tire, while keeping the inflation pressure constant, will increase the contact pressure on the tire from 78 psi to 92 psi, an 18% increase from the original.
B: Changing inflation pressure.
Increasing the inflation pressure from 35 psi to 130 psi, while maintaining a constant load of 2300 lb per tire, will increase the contact pressure from 56 psi to 88 psi, a 57% increase from the original.
C: Changing ply rating.
Increasing the ply rating from a 10 to a 14 ply, and inflating them to the maximum inflation pressure will increase the contact pressure from 73 psi to 92 psi, a 26% rise. 




Tire Pickup

Presenter
Presentation Notes
The tires on a pneumatic roller will often pick up the mix when an oversanded surface course mix or a mix with some particular additives is being compacted.
Many times attempts are made to eliminate this pickup problem by spraying water or a release agent on the tires during the rolling process.
A better solution is to allow the tires on the roller to reach the same temperature as the mix being compacted without adding water or release agent to the tires.
May not be able to use on Modified or Polymerized mixes due to pick-up.




Skirted Pneumatic Roller

Presenter
Presentation Notes
Get the tires hot by running the pneumatic roller on existing pavement first and then by slowly getting them hot on the new pavement.
The use of ‘skirts’ not only helps in getting the tires hot but also ensures that they will stay hot all day by limiting the wind’s cooling effects.




Tire Pick Up

Presenter
Presentation Notes
Damage like this needs to be avoided.
Although the density of the pavement is probably being achieved, the finished surface is mottled and will most likely have surface blemishes which may hold water.
The key is to get the tires hot and keep them hot by keeping the roller moving.
Modified asphalt - more of a problem



Pneumatic Roller Operation

Presenter
Presentation Notes
This is a typical amount of surface pickup when using the pneumatic tired roller properly.
Once the size of the pneumatic roller and the pressure to be used are selected, the only variables that can be controlled easily by the operator are the rolling speed, the location of the roller with respect to the paver, and the number of roller passes over each point in the pavement surface. 
If the compactive effort applied by the pneumatic roller is not adequate, the operator should alter the wheel load on the tires and/or change the inflation pressure in the tire.
Pneumatic rollers are ideal for uneven courses.




Vibratory RollersVibratory Rollers

••
 

Amplitude Amplitude 
••

 
FrequencyFrequency

••
 

Impact Spacing Impact Spacing 
••

 
OperationOperation

Presenter
Presentation Notes
Amplitude is defined as the weight of the drum divided by the eccentric moment of the rotating weight and is a function of the weight of the drum and the location of the eccentrics.
The frequency of vibration is the number of cycles that the eccentrics rotate per minute.
The spacing of the impacts of the applied force is a function of the frequency of the vibration and the travel speed of the roller.
The operator is in control of more variables when using a vibratory roller and should be well educated in the selection and interaction of these variables. 




Single Articulated Frame

Presenter
Presentation Notes
Vibratory rollers come in a variety of configurations.
Roller speed, location on the layer being compacted, number of passes made, nominal amplitude, and vibratory impact can all be varied.




Double Articulated Frame

Presenter
Presentation Notes
Single-drum vibratory rollers are manufactured with both a rigid frame and an articulated frame.
Double-drum vibratory rollers come in rigid-frame, single-articulated-frame, and double-articulated-frame models.
Can be operated in any one of three modes: static (vibrators off); one drum vibrating, one static; and with both drums vibrating.




Vibratory Roller

Presenter
Presentation Notes
Vibratory rollers have two types of compactive forces that are applied to the hot-mix asphalt: static weight, caused by the weight of the rolls and frame; and dynamic (impact) force, produced by a rotating eccentric weight located inside the drum(s), which rotates about the shaft inside the drum.




Eccentric Weight System

1
2

5

3
4

2

6

1.1. Oil level sight Oil level sight 
gauge                     gauge                     

2.2. Eccentric weight    Eccentric weight    
shaft bearingsshaft bearings

3.3. ThreeThree--positionposition 
counterweightcounterweight

4.4. Amplitude selection Amplitude selection 
wheelwheel

5.5. Fixed eccentric Fixed eccentric 
weightweight

6.6. PodPod--style housingstyle housing
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Presenter
Presentation Notes
The eccentric weight rotates about the shaft inside the drum, and a dynamic force is produced.
Changing the eccentric moment arm or adjusting the eccentric mass has a directly proportional effect on the dynamic force.




AmplitudeAmplitude

Presenter
Presentation Notes
Normal values of nominal amplitude range from 0.25 to 1 mm (1/100 to 1/32 in).
Some rollers can operate at only one fixed amplitude, while others have “high” and “low” amplitude positions.
Typically as the layer thickness increases, it is often advantageous to increase the nominal amplitude applied to the asphalt mix.
Unless ‘high’ amplitude is needed to achieve a particular density level, the vibratory roller should be operated in ‘low’ amplitude.
Ask: Does changing frequency change the compaction effort? (Yes. 10-12 vibrations/ft. Never less than 10.)




DIRECTION OF TRAVELDIRECTION OF TRAVEL

FrequencyFrequency

Impact SpacingImpact Spacing

High FrequencyHigh FrequencyLow FrequencyLow Frequency

Presenter
Presentation Notes
The frequency of vibration is the number of complete cycles that the eccentrics rotate per minute. 
The faster the rotation of the eccentrics, the greater the frequency of vibration.
Some vibratory rollers can operate at only one frequency or have a very limited selection of frequencies.
Other vibratory rollers can alter the frequency of the applied load between 1600 and 4000 vibrations per minute.
Frequencies below 2000 vibrations per minute are not normally acceptable to compact asphalt mixtures.





Typical Data for Vibratory 
Tandem Rollers

Vibratory Vibratory 
Steel Steel 

TandemTandem
tonton

OperOper..
Wt.Wt.
lblb

DrumDrum
DiamDiam..

ftft

Drum Drum 
WidthWidth

ftft

Static Static 
DrumDrum
lb/inlb/in

Dynamic Dynamic 
DrumDrum
lb/inlb/in

VPMVPM
Nom. Nom. 
Amp. Amp. 

inin

6.0-8.0 14,700 3.6 4.6 130 260 2,900 0.025
9.5-11.0 20,500 3.9 5.6 158 384 2,600 0.03
> 13.0 30,000 4.9 6.9 186 423 2,400 0.03

Presenter
Presentation Notes
A review of the chart gives us an opportunity to familiarize ourselves and the students to the US Customary values used for analyzing vibratory rollers.

The frequency of vibratory rollers can be altered between 1600 to 4000 VPM.



Improper Impact Spacing

Presenter
Presentation Notes
The spacing of the impacts of the applied force is a function of the frequency of the vibration and the travel speed of the roller.
A smaller impact spacing and thus a greater number of impacts per meter (foot), is usually preferred.
A recent survey of major roller manufacturers recommended the following impact spacings. 
The impact spacing should be in the range of 30 to 36 impacts per meter (10 to 12 impacts per foot), or 25 to 30 mm (1 to 1 1/5 in) between impacts, to ensure the highest efficiency of the vibratory rollers and reduce the possibility of leaving ripples in the finished pavement.
Proper impact spacing and amplitude are the keys to successful pavement compaction. 
Newer equipment automatically adjust the frequency to the roller speed so the impacts per foot stays in the proper range.




Reed Tachometer

Presenter
Presentation Notes
A vibrating reed-type tachometer is an excellent tool to verify the performance of a vibratory roller system.
For under $300, it is an inexpensive investment, especially when working with difficult to compact mixes.
Other types are available and some rollers have a tachometer mounted directly on the roller.




Vibratory Roller Operation

Presenter
Presentation Notes
Video



Stopping

Presenter
Presentation Notes
Easy Does It!
Humorous slide showing that the roller operator needs patience when stopping and starting, to move in different directions, to achieve acceptable compaction.




Free Barbecue!

Presenter
Presentation Notes
Stick With Your Pattern!
Humorous slide showing that the operator needs patience in staying with their rolling pattern for the entire day to ensure proper compaction of the pavement.
The roller operator is in control of more variables when using a vibratory roller and thus should be well educated in the proper selection and interaction of the variables.
In addition to roller speed, location on the layer being compacted, and number of passes made, both the nominal amplitude and the frequency of the vibratory impact can be varied.




Water Spray Bar

Presenter
Presentation Notes
This slide shows a well maintained and operating water discharge system on a steel wheeled roller.
A uniform, solid stream of water ensures uniform wetting and uniform pavement smoothness. 
Spray systems that clog will cause asphalt to pick up onto the steel or rubber tired rollers.
When the nozzle clogs, it is necessary to install a new nozzle. Unclogging the existing nozzle puts too much water on the mat.




Pads

Presenter
Presentation Notes
It is a good idea to have spare pads, especially with pneumatic rollers, because they wear down.
Scrapers on rubber tired rollers are as important as those on steel rollers.
Ask: How long will they last? (In this case, forever.)



Poor Maintenance

Presenter
Presentation Notes
Scrapers also wear down and need replacing.
Scrapers should be made of softer material than the drums or tires or they may gouge the surface.
What is wrong?




Compaction VariablesCompaction Variables

••
 

Roller Speed (Dwell Time)Roller Speed (Dwell Time)
••

 
Number of CoveragesNumber of Coverages

••
 

Rolling Zone Rolling Zone 
••

 
Rolling PatternRolling Pattern

Presenter
Presentation Notes
The primary compaction variables for all types of rollers that can be controlled during the rolling process are: (a) roller speed, (b) number of roller passes, (c) rolling zone, and (d) roller pattern.
Each of these factors has an effect on the level of density achieved under the compactive effort applied to the mix.



Speed

Presenter
Presentation Notes
The faster a roller passes over a particular point in the new asphalt surface, the less time the weight of the roller “dwells” on that point, meaning that less compactive effort is applied to the mixture.
As roller speed increases, the density achieved with each roller pass decreases.
The roller speed selected is dependent on a combination of factors: productivity, layer thickness, and the position of the equipment in the roller “train.”




Typical Range of Roller 
Speeds (mi/hour)

Type of RollerType of Roller BreakdownBreakdown IntermediateIntermediate FinishFinish

Static Steel Wheel 2.0 to 3.5 2.5 to 4 3.0 to 5.0
Pneumatic 2.0 to 3.5 2.5 to 6.4 4.0 to 7.0
Vibratory 2.0 to 3.0 2.5 to 3.5 -------

Presenter
Presentation Notes
Compactive effort is significantly improved at slower roller speeds.  Consider when driving over soft sand.
If you slow down you get stuck because Roller speed will also be governed by the lateral displacement or tenderness of the asphalt mixture.
If the mixture moves excessively under the rollers, the speed of the compaction equipment should be reduced.
In addition, for vibratory compactors, roller speed also affects the impact spacing.
Roller speed is usually established by the speed of the paver.  Note that the speeds fall in line with the rule of thumb that the speed should be at a brisk walk pace. 
Speeds change substantially with an increase to the thickness of loose mixture being placed.



One Coverage

Each time the roller goes over a specific Each time the roller goes over a specific 
point is ONE PASS.point is ONE PASS.
How many passes of the roller are How many passes of the roller are 
needed to cover the width of the mat needed to cover the width of the mat 
one time ?one time ?

Presenter
Presentation Notes
To obtain the target air void content and uniform density in an asphalt mixture, it is necessary to roll over each point in the pavement mat a certain number of times.  Each time the roller passes over that point is one pass
The actual number of passes depends on many variables such as the type of compaction equipment used.
The capabilities of each type of roller vary, however, with mat thickness, mix temperature, mix design and environmental conditions.
In addition, the number of passes required depends on the position of the rollers in the roller train.
A test strip aids us in this decision process.




75 m75 m

15 m15 m

Rolling ZoneRolling Zone

(Conventional HMA)(Conventional HMA)

Paver
Paver

Presenter
Presentation Notes
Compaction must be achieved while the viscosity of the asphalt cement in the mix and the stiffness of the mix is low enough to allow reorientation of the aggregate particles under the action of the rollers.
The rule of thumb commonly used is that the proper level of air void should be obtained before the mix cools at laydown to 80 °C (176 °C).
Initial compaction should occur directly behind the paver in order to reach the required density quickest.
If the stability of the asphalt mixture is high enough, breakdown rolling can be carried out very close to the paver, while the mat temperature is still high.
Superpave has shrunk the distance between the roller and the paver to as little as 1 to 5 m (3.3 to 16.4 ft).
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Presentation Notes
Rollers are “busy” most of the time on a paving project.
The question is whether they operate correctly and effectively.
Generally, compaction is applied, but not necessarily in the right place.
Numerous compaction studies have shown that the middle of the width of the paver pass typically receives more compactive effort than the edges of the pavement.
This is unfortunate, because traffic uses the wheelpath areas and travels near the edge of the pavement more often than in the center of a lane.




Test Strip Construction 
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Calculating Effective Roller Speed Calculating Effective Roller Speed 

Presenter
Presentation Notes
The actual rolling pattern to be used to compact the mix on a paving project should be determined at the start of the project through the construction of a roller test strip.
This strip should be located at a convenient point where the pavement layer placed will remain as part of the final pavement structure.
The mix should be representative of the material to be produced for the project; generally the plant should produce mix for a short period of time before mix is made for the compaction test section.
The thickness of the layer should be the same as that used for the rest of the project and 150 m (492 ft) long.




Establishing Roller Pattern
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Selecting Compaction Equipment Selecting Compaction Equipment 
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Width of Roller Width of Roller 
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Number of Number of CoveragesCoverages Needed Needed 
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Nuclear GaugeNuclear Gauge

Presenter
Presentation Notes
Different mixes may require considerably different levels of compactive effort and thus different compaction equipment and rolling procedures.
An asphalt mix containing large aggregate, for example, may need different types of rollers to achieve a required level of density than an asphalt concrete mix made with smaller size coarse aggregate.
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Roller Widths

Presenter
Presentation Notes
Due consideration should be given to the selection of rollers that are to be employed to densify the pavement layer.
The combination of rollers used on a previous project might not be the most cost-efficient or effective for the variables involved in the present job.
Although vibratory rollers are usually used for breakdown rolling and pneumatic tire rollers for intermediate rolling, a greater degree of density with a lesser number of total roller passes might be obtained in some mixes.
Determination of the “optimum” combination is key.



Paving Widths

Presenter
Presentation Notes
Standard paving width of 3.1, 3.7, 4.3 and 4.9 meters (10, 12, 14, 16 ft) can affect the efficiency of certain rollers.
Ideally, the roller that can cover the width of paving with the fewest number of passes will be the most efficient.
Other smaller width rollers are routinely used, but the number of total passes will increase.
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Presentation Notes
If the width of the roller drum is 2.1 m (7 ft), only two passes of the roller are needed to cover the 3.7 meter (12 ft) wide lane, including a 150 mm (6 in) overhang at each edge of pavement.
A roller that is 1.8 m (5.9 ft) wide cannot cover the complete 3.7 meter (12 ft) wide lane in only two passes.
Three passes of the 1.8 m (6 ft) wide roller would be necessary to properly compact the lane.
If the roller had drums that were 1.5 m (5 ft) wide, three passes of the roller would be required, similar to the roller with the 1.8 m (6 ft) wide drums.
A 1.4 m (4.5 ft) drum needs four passes for one coverage.
For thick lifts, first pass should be about 0.30 m (1 ft) in from edge to prevent shoving.




How Many Repeat How Many Repeat CoveragesCoverages 
to Assure Density?to Assure Density?

Presenter
Presentation Notes
Ask the question on the slide.
The number of roller passes needed over each point on the pavement surface is a function of a large number of variables, the most important of which is the level of density required in the pavement layer.
If a certain percentage of laboratory density or theoretical maximum density is needed, the higher the required percentage, the more compactive effort that will have to be applied to the pavement layer.
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Presentation Notes
When a pneumatic tire roller is used in the compaction process, particularly in the breakdown mode, it is often very difficult to obtain an accurate density reading with a nuclear gauge.
One or more passes with a steel wheel roller may be necessary before a valid nuclear gauge reading can be obtained.
The density value determined with the nuclear gauge is relative and is generally not the same as the density value obtained from cores cut from the pavement.
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Presenter
Presentation Notes
In establishing the rolling pattern you need to break over in the test strip to find decompaction.
Ask: When would you stop rolling? (After 3, maybe 4 passes.)
Temperature is critical on each pass.  It controls when to make each pass.
Typical density curve.
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Presenter
Presentation Notes
This type of pattern indicates a bad mix design. The mix can easily be over-compacted so a new design should be developed.



Roller Pattern Problem #3
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Presentation Notes
This pattern indicates a tender mix.  Passes 3, 4, and 5 should be eliminated at that temperature range.  Therefore you also need temperatures at each density reading.
Tender Zone Curve.  Stop after pass 7.



Thermometers 
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Calibrating Calibrating 
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Actually using one Actually using one 

Presenter
Presentation Notes
There are several types of thermometers available but all do the same thing…they measure temperature.
The more expensive ones tend to do it faster.
The problem with inexpensive ($5) dial thermometers is that the calibrating adjustment is a nut on the back of the dial, which can work loose after rough work, losing the calibration.
The problem with the infrared-type is they display a consistently lower temperature than a probe-type.  They are also much more expensive (about $200).




Temperature Gauges

Presenter
Presentation Notes
Slide showing four different temperature measuring devices.
Safety, safety, safety:  Watch out when bending over to take a reading, make sure the roller operator and others know where you are at all times.




Checking Density

Presenter
Presentation Notes
The most common method for monitoring changes in density with roller passes is through the use of a nuclear density gauge, which transmits gamma rays into the mix and measures the amount of radiation reflected back to the device in a given time.
The count data that are obtained can be related to the relative density of the layer.
Nuclear gauge readings should be taken after each pass of each roller, and the rate of increase in density after each pass determined.
When no appreciable increase in density is obtained with additional roller passes, the maximum relative density for that mix has been obtained.
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Finish Rolling

Presenter
Presentation Notes
Finish rolling is the last step of the operation and is normally used to “iron” out any roller marks left by a breakdown or intermediate roller.
This roller is typically a static steel wheel roller, or a vibratory roller operating in a static mode.
Finish rolling is not the place to count on obtaining additional density.
It is a cosmetic process.




Coring

Presenter
Presentation Notes
Thus a correlation must be developed between the nuclear density reading and the actual unit weight of the pavement.
That unit weight must be compared to the maximum theoretical unit weight of the mix in order to calculate the actual in-place air void content of the layer.




Balancing Production
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Presenter
Presentation Notes
Although fairly simple to calculate on paper, balancing production rates in real life is much more difficult, due to the number of complicating factors that arise daily.
Trucks tend to bunch up and arrive all at once, the paver speed can vary, and rollers do need to be re-watered.
The best way to deal with this is to buffer the operation with a slightly higher roller production rate, enabling you to deal with these situations as they arrive.
Setting up a paving operation with too low a compaction production rate is not recommended.




Questions???
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